Abstract -In this paper an Artificial Neural Network (ANN) is introduced in order to speed up the optimized design procedure of a printed Reflectarray. The ANN is used to model the reflecting behaviour of patch radiator as a function of its geometric parameters, the angle of incidence and the frequency. When used in the RA design process, the reflection coefficient approximated with the ANN produces results that are very close to those obtained with that directly evaluated, proving the accuracy of the ANN model, which, on the other hand, strongly reduces the computational effort and the data memory storage.
I. INTRODUCTION
Printed reflectarray antennas (RAs) are able to provide performances equivalent to a conventional parabolic reflector, but with a lighter structure; this can be achieved by an effective control of the phase response of each printed element on the reflecting surface, in order to collimate the reflected field in the desired direction. In order to enhance the frequency behaviour and bandwidth, it is necessary to use advanced element configurations [1, 2] .
The management of different parameters, and the need of satisfying requirements that could be also in contrast each other, can however make the design of a reflectarray quite complex, and therefore it is convenient to carry it out with an evolutionary optimization tool.
On the other hand, optimization tools require a large number of computations of the fitness function that mathematically describes the problem to be optimized, and this is often computationally expensive. This is particularly true in the most of applications, in which the structures have several hundreds of elements, each of them having several variable parameters, and also the fitness function can be rather complex. For this reason, in most of the cases it becomes impossible to simulate the behaviour of the whole antenna following a full-wave approach, and it becomes necessary to introduce approximate models. A commonly adopted scheme is that of applying array theory using an approximate model of the radiating element, in which the relationship between the varying geometrical parameters and the phase of the reflected field is obtained from heavy numerical simulation. Results of these simulations are generally stored in databases that are then used by the analysis tool to characterize the configuration proposed by the optimizer.
To speed up this phase of the design procedure, in this work an Artificial Neural Network (ANN) model of the RA single element is presented as convenient interface between antenna design and global optimization algorithms. In order to prove the effectiveness of this model, it will be used in the design of the prototype reflectarray antenna presented in [3] , whose re-radiating elements are the concentric square rings shown in Figure 1 , working in two separate bands and with a dual-layer structure.
II. NEURAL NETWORK MODEL OF THE RE-RADIATING

ELEMENT
The procedure for the design of a reflectarray consists in several steps, the first of which is to obtain the phase variation of the re-radiated field vs. selected geometrical parameters of the single re-radiating element. This analysis is generally carried out adopting a full-wave, MoM based approach and considering the re-radiating element embedded in a periodic lattice, and its output is a set of curves that give the dependence of the phase from the geometrical parameters. The generation of these maps is computationally expensive, since it requires the full-wave analysis of the periodic array for several values of the free geometrical parameters, as well as for different frequencies and angles of incidence. Moreover, the storage of data produced by these simulations requires a large amount of memory. Finally, if the design of the entire reflectarray is carried out resorting to an optimization procedure, based on the use of a pseudostochastic algorithm as the GSO [3] or one of the meta-PSOs introduced in [4] , it is necessary to further interpolate the curves that give the variation of the phase with the geometrical parameters, in order to have a continuous variation.
All these aspects make the design of the RA very expensive both from the point of view of the computational cost and of the necessary memory, and make almost mandatory the introduction of a suitable model for an efficient representation of the relationship between the phase of the reradiated field and the geometrical parameters of the element.
The idea presented here is that of modelling this relationship with an Artificial Neural Networks (ANN), so that it becomes possible to compute the reflection coefficient of the re-radiating element for any value of the RA parameters, starting from a reduced set of data obtained through the standard full-wave analysis.
An Artificial Neural Network (ANN) is an adaptive, most often nonlinear system that learns to perform a function (an input/output map) from data. Here, for the modelling of the reradiating element behaviour, the multilayered perceptron (MLP) has been utilized. The MLP is a known universal approximator and has been extensively used in microwave applications, as well as other kinds of ANNs [5] . The MLP consists of an input layer, one or more hidden layer, and an output layer. The MLP can be trained by several strategies, such as gradient descent based strategies, like the error back propagation (EBP), or evolutionary methods, like GA or PSO. For network training, a data set of geometrical configurations of the patch is generated and the corresponding phase delays are estimated. Here, first, we apply the gradient descent by error back propagation (EBP) to train the ANN. EBP propagates error backwards through the network to allow the error derivatives for all weights to be efficiently computed. When the training is performed, the r.m.s. errors of both the training and validation processes decrease with increasing iterations.
III. NUMERICAL RESULTS
The procedure described above has been firstly applied to model the phase variation vs. the external diameter of the concentric square rings in Fig. 1 [2] . Here two hidden layers are used, of 11 and 9 elements, respectively. Bias is added to the input and the hidden layer. A sigmoid function is here used as the activation function. Fig. 2 shows the plot of the reflection coefficient phase variation reconstructed using the ANN (on the right), compared with the plot obtained by direct, full-wave, evaluation (on the left), as a further function of the incident angle, for three frequency values in the upper band. The colour bar of the plots on the left gives the values of the phase of the reflection coefficient, while the color bar of the plots on the right shows the error introduced by the use of the ANN model.
In Figure 3 , the radiation pattern of the entire RA, computed using both the "exact" value and the ANN approximation of the phase of the reflection coefficient, for three different frequency values, in the horizontal (top) and vertical (bottom) planes, are reported. These plots show a good agreement between the results obtained with the two approaches: the relative error on the field in the direction of maximum radiation is negligible, and in any case the one on the entire radiation pattern is always below few percent. IV. CONCLUSIONS In this work it is shown that an Artificial Neural Network could be used for speed up the design procedure of complex antennas as reflectarrays. In particular, it has been used for the reconstruction of the reflection coefficient in correspondence of any re-radiating element of a RA. This model allows a strong reduction of computational time and memory allocation, and provides results in good agreement with those obtained with the full-wave simulation of the re-radiating elements.
